Objectives: To investigate possible associations between maternal diet during pregnancy and fetal growth. Method: Factor analysis was used to explore dietary patterns among pregnant women. The association between maternal dietary patterns and fetal growth (in terms of small for gestational age, SGA) was investigated by logistic regression. Prospective cohort study, including information on 44 612 women in Denmark. Results: Two major dietary patterns were defined: the first pattern was characterized by red and processed meat, high-fat dairy, and the second pattern was characterized by intake of vegetables, fruits, poultry and fish. Women were classified into three classes according to their diet: the first class had high intake of foods of the first dietary pattern, and was classified as 'the Western diet', the second class preferred foods of the second pattern and was classified as the 'Health Conscious'; and the third one had eaten foods of both patterns, and was classified as the 'Intermediate'. The odds ratio of having a small for gestationalage infant (with a birth weight below the 2.5th percentile for gestational age and gender) was 0.74 (95% CI 0.64-0.86) for women in the Health Conscious class compared with women in the Western Diet class. The analyses were adjusted for parity, maternal smoking, age, height, pre-pregnancy weight and father's height. Conclusions: Our results indicated that a diet in pregnancy, based on red and processed meat and high-fat diary, was associated with increased risk for SGA. Further studies are warranted to identify specific macro-, or micronutrients that may be underlying these associations.
Introduction
Fetal growth is an important indicator of the individual's survival chances and health in later life (Barker, 1994) . A poor intrauterine growth rate has been associated with increased risk of development of cardiovascular diseases (Leon and Ben-Shlomo, 1997 ) and with type II diabetes (Shiell et al., 2000) , whereas high birth weight has been associated with increased risk of breast cancer (Signorello and Trichopoulos, 1998; Ahlgren et al., 2003) and childhood obesity (Schwartz, 1990; Ong et al., 2000) .
In elucidating the potential effect of maternal diet on fetal growth, both diet compositions and single foods and nutrients have been examined with varying results. No association between macronutrient distribution and the risk of fetal growth retardation was detected in one observational study (Mathews et al., 1999) . A high sugar consumption in pregnancy was associated with increased risk of having a small for gestational age (SGA) baby (Lenders et al., 1994) , and low consumption of seafood in pregnancy has been associated with increased risk of low birth weight (Olsen and Secher, 2002; Rogers et al., 2004) . Intake of fruits and vegetables in pregnancy has been associated with high birth weight (Rao et al., 2001 ).
An approach which is becoming more and more widespread in nutritional research is the use of factor analysis, which has previously been used to investigate the influence of diet in adult life on risk of adverse outcomes (Gittelsohn et al., 1998; Slattery et al., 1998; Hu et al., 1999; Terry et al., 2001; Fung et al., 2003; Newby et al., 2004; Togo et al., 2004) . Factor analysis has been employed in analysis of diet during pregnancy in a Spanish study (Cuco et al., 2006) , where diet at different time points in pregnancy in relation to lifestyle factors was examined, and in a Mexican-American survey (Wolff and Wolff, 1995) , where association between dietary patterns in pregnancy and birth weight was investigated. As the human diet consists of a large variety of nutrients, and intakes of these will often correlate, it may be appropriate to analyse dietary patterns as an alternative to examining a potential effect of intakes of single nutrients on health outcome. Information on intakes of major food groups is analysed to identify patterns in dietary intakes represented in the population, i.e., which foods and food groups are related with each other. When relating the dietary patterns with certain health outcomes of interest, the results of the analyses may give a picture of which dietary patterns may have health benefits. This may be an advantage in the work of implementing dietary recommendations.
The aim of our study was to investigate possible associations between maternal dietary patterns and fetal growth. Data on maternal diet collected in the Danish National Birth Cohort (DNBC) (Olsen et al., 2001) , given its large sample size, provided a unique setting to examine possible relations between diet during pregnancy and intrauterine growth. Factor analysis was employed to derive major factors (dietary patterns) from the information on food intake in pregnancy, recorded by a food frequency questionnaire (FFQ) in week 25 of gestation.
Subjects and methods

Study population
From 1997 to 2002, the DNBC enrolled 101 042 pregnant Danish women for a follow-up study of them and their infants. Information on life style, health, socio-economic factors, etc. was collected through a self-administered recruitment form and four telephone interviews completed by the mother. Data on maternal diet was collected through a self-completed FFQ submitted in week 25 of gestation, recording food intake in previous 4 weeks. Birth outcome measures, such as birth weight and length, head and abdominal circumferences, gestational age and sex of the infant were extracted from the National Patient Registry in Denmark. At the time of data assembling for the present study, there were 95 786 live born infants, registered in the DNBC; 4765 (approximately 5%) had missing or erroneously registered birth weight (e.g. values less than 300 g or above 7000 g, or a birth weight less than 1000 g for full-term live born child); in these cases, birth weight was considered not available. Gestational age was determined from day 1 of the last menstrual period (LMP) and the date of birth (adjusted for the length of the menstrual cycle); when data on LMP were unavailable, the gestational age reported in the National Patient Registry (usually based upon ultrasound measures) was used. All women, participating in the DNBC, gave written informed consent in accordance with the Helsinki II Declaration and the study was approved by the Danish National Committee for Biomedical Research Ethics, Copenhagen by protocol nos. KF-01-471/94 and KF-01-012/97.
The FFQ was sent to 94 321 participants. For the present study, dietary data were available for 44 612 women who had delivered a live born, full-term, singleton child.
Dietary assessment
The FFQ was distributed in week 25 of gestation, and included questions on intake of 360 food and beverage items in the previous 4 weeks, and was validated with a 7-day weighted food record, which showed statistically significant correlations between intake of fruits and vegetables (r ¼ 0.55), protein (r ¼ 0.39), folate (r ¼ 0.53) and retinol (r ¼ 0.37) . Furthermore, energy intakes estimated in the two methods were highly correlated (P ¼ 0.001). The 360 food items recorded in the FFQ were aggregated into 36 food groups. A detailed description of each food group is reported in Appendix 1. The daily intake (in grams) for each food group, eaten by a given individual, was used in the factor analysis to identify dietary patterns.
Extraction of dietary patterns
Factor analysis has been employed to detect underlying common patterns among highly correlated variables (Hu et al., 1999; Osler et al., 2002; Fung et al., 2003 Fung et al., , 2004 Schulze et al., 2003; Dixon et al., 2004; Newby et al., 2004; Sieri et al., 2004) . We applied factor analysis (PROC FACTOR in SAS, principal components method), using the women's daily intake (in grams) of each of the 36 food groups as input. We used the Kaiser's measure of sampling (option MSA in PROC FACTOR) to evaluate if a common factor model was appropriate for our data. To decide the number of factors to retain, we used the Scree plots and the eigenvalues of the principal components (Mardia et al., 1980) , and subjective criteria (considerations on simplicity and interpretability). We tested solutions with number of factors ranging from two to 12 and looked at the eigenvalues of the principal components, the Scree plots and the factor loadings in order to evaluate the interpretability of the factors. Both the examination of the principal components and the Scree plots showed a flattering at the third eigenvalue, which indicated that two factors were clearly distinguished from the rest and explained the largest part of the variation. Studies on dietary-pattern analysis have used between two (Hu et al., 1999; Osler et al., 2001; Fung et al., 2003; Schulze et al., 2003; Dixon et al., 2004) and 10 (Newby et al., 2004) dietary patterns. A model two with factors was chosen for further analyses, as it was considered to represent the data in the best way. The factors were then rotated along the direction of maximum variation by an orthogonal transformation (option VARIMAX in PROC FACTOR) in order to obtain independent (i.e. non-correlated) factors. Factor loadings were estimated for each of the 36 food groups across the two factors. On the basis of the values of the factor loadings, distinct dietary patterns were defined, characterized by high loadings of specific food groups. For each woman, a factor score in the respective factor (dietary pattern) was estimated as a sum of the standardized daily intake of each food group multiplied by the loading for the food group; the final sums were standardized as well (PROC FACTOR). Thus, food groups with high daily intake and high factor loading contributed most to the individual's score in the respective dietary pattern.
Fetal growth measurements and confounders
The birth weight for each infant was transformed into a z-score using the expected mean birth weight for the respective sex and gestational age, estimated from the intrauterine growth curve as reported in (Marsal et al., 1996) . An SGA infant was defined as a child whose z-score was below the 2.5th percentile for the respective sex and gestational age.
Data on pre-pregnancy weight, height of the mother and the father, maternal smoking, parity, maternal age at conception, etc. were reported in the recruitment form and in the first telephone interview. The variables were all considered as potential confounders, and were classified as follows: maternal age at conception (o20, 20-29, 30-39, 40 þ years); smoking in pregnancy (never vs ever); parity (primiparous vs multiparous); mother's height (o160, 160-169, 170-179, 180 þ cm); pre-pregnancy weight (o50, 50-59, 60-69, 70-79, 80 þ kg); and father's height (o160, 160-169, 170-179, 180-189, 190 þ cm). The total energy intake was not included in the analyses, as it was derived from the daily intake of food groups upon which our dietary exposure variables were created. Thus these quantities were not independent variables from the food groups, and were therefore not included as confounders.
Statistical analysis
The dietary exposure variables included in the analyses derived from the factor scores, referred to as factor 1 and factor 2. The women were divided into quintiles of the two factors. The quintile ranking in one factor does not necessarily mirror the distribution in the other factor (e.g. a person can belong to the highest quintile group both in factor 1 and in factor 2, although the expectation would be that a person with high intake in factor 1 would display low intake in factor 2). To clarify further the possible differences between the two dietary patterns, the following classification was implemented to achieve a better pronounced exposure contrast between the two factors: if the woman was in the upper two (i.e. 4th or 5th) quintiles for factor 1, whereas she was in the lower two (i.e. 1st or 2nd) quintiles for factor 2, she was assigned to Class 1. If the woman was in upper end (i.e. 4th or 5th quintile) of factor score 2, whereas she was in the lower end (i.e. 1st or 2nd quintile) in factor score 1, she was assigned to Class 2. If neither of these conditions was fulfilled, the woman was assigned to Class 3. As a result, the women were grouped into three mutually exclusive classes, reflecting their food preferences.
We used analysis of variance (ANOVA) and the CochranArmitage and Tukey-Kramer tests to analyse the differences between the various groups of exposure (classes) with respect to birth weight and SGA, adjusting for the potential confounders. The odds for having an SGA baby were calculated by logistic regression and were adjusted for potential confounders (parity, maternal age and smoking habits, mother's height and weight and father's height). The statistical analyses were conducted with the SAS software (SAS version 8.2, SAS Inst. Inc., Cary, NC, USA).
Results
The average age of the mother was 29 years; the mean prepregnancy weight was 67 kg, and the mean height 169 cm. About 24% of the women smoked during pregnancy and 47% of them were primiparous. The average birth weight was 3680 g for boys (51.3% of the births) and 3547 g for girls.
Incidence of SGA with respect to the confounder variables is shown in Table 1 . The statistical analyses (data not shown) showed that smoking in pregnancy, pre-pregnancy weight below 60 kg, low stature of the mother (o160 cm), young age of the mother (o20 years) and parity ¼ 0 (i.e. primiparous) were significantly associated with low birth weight of the child.
The factor loadings for each food group in the respective factor are shown in Table 2 . Factor loadings were interpreted similarly to correlation coefficients: high values indicate high correlation between the given food group and the respective factor. Animal fat (i.e. butter and lard), processed and red meat, margarine, refined grains and potatoes showed high loadings (above 0.3 indicated by bold) in factor 1 and low loadings in factor 2. Vegetables, tomatoes, green leafy vegetables, fruits, fish and poultry were heavily loaded in factor 2 and weakly loaded in factor 1.
To separate the exposure groups more clearly, the mutually exclusive classes, described in the Subjects and methods were included in the analyses. When using the classification based on the top two/lower two quintiles for the factor scores, there were 7619 (17.1%) women in Class 1, 7479 (16.8%) in Class 2 and 29 514 (66.2%) in Class 3.
The average daily consumption (in grams) for each food group and for total energy, fat, protein and carbohydrates in the three classes is reported in Table 3 . Women in class 1 were characterized by the highest intake of high-fat dairy, refined grains, processed and red meat, animal fat (butter and lard), potatoes, sweets, beer, coffee and high-energy drinks. This group had also the highest energy intake; 35% of the energy was coming from fat. Class 1 will hereafter be referred to as the Western Diet class. The mothers in Class 2 had a high intake of fruits, vegetables, fish, poultry, breakfast cereals, vegetable juice and water. These women avoided foods with high fat content. This group had the lowest energy intake, and 25% from this energy was coming from fat. Class 2 is referred to as the Health Conscious class. Women in Class 3 had high intake of low-fat dairy and fruit juice. Their consumption of the remaining food groups was in between Class 1 and Class 2, and is referred to as the Intermediate class, thus these women had eaten fruits and vegetables, as well as red meat and dairy products, and 30% of the energy intake came from fat. There was no significant difference in wine drinking among the three classes and, in general, the intake of alcohol in the study population is low, which was expected for pregnant women. Some general characteristics for the women and birth outcomes in the three classes described above are given in Table 4 . The lowest average birth weight and the highest incidence of SGA babies were observed among women in the Western Diet class; the highest proportion of smokers was found in this group. Women in the Intermediate and Health Conscious classes had significantly lower percentages of SGA babies compared with the mothers in Western Diet class. Women in Health Conscious class had the lowest prepregnancy weight of the mother, and the highest occurrence of non-smokers. Mothers in the Intermediate class had infants with the highest average birth weight; the occurrence of SGA babies was slightly higher compared with the women of the Health Conscious class, although not statistically significant.
The odds for giving birth to an SGA infant across the three groups are shown in Table 5 using the women in the Western Diet class as reference group. The analyses were adjusted for potential confounders. Compared with the reference group odds ratio (OR) for SGA among infants born in the Intermediate class was 0.68 (95% CI 0.55-0.84) and in the Health Conscious class was 0.74 (95% CI 0.64-0.86). No significant difference in the risk for SGA was detected between the offsprings of women in the Intermediate and the Health Conscious classes.
Discussion
We identified two major dietary patterns among pregnant Danish women using factor analysis. The study population was further classified into three groups: a Western Diet class, who had the highest intake of red and processed meat, potatoes and high-fat dairy, and the lowest intake of fruits and vegetables; a Health Conscious class who had the highest intake of fruits, vegetables, fish and poultry, and the lowest intake of meat and fat of animal origin; and an Intermediate class, whose intakes of all food groups were in between of the former two classes. The women in Western Diet class had significantly higher OR of having SGA infants compared with the women in the Intermediate and the Health Conscious classes, whereas the risk of having an SGA infant among mothers in the Intermediate class was not significantly different from the risk among those following the Health Conscious diet.
The mothers of the first group had the highest energy intake, and this group had also the highest number of smokers, which might indicate that those mothers were prone to unhealthier life style as compared to the other two groups. The women in the Health Conscious class had the lowest number of smokers, and the lowest energy intake, both pointing towards the fact that these women in general had a healthier life style compared with those in the Western Diet class. The women in the Intermediate class had intakes of foods from both dietary patterns in a balanced way, and may as such have had the most varied diet. The number of smokers in this group was between the other two as well, which indicated that the women are in between the two others regarding attitudes towards their own health. However, information on physical activity was not included in the analyses, as well as the data on maternal weight gain during pregnancy, both parameters are likely to be associated with energy intake. These factors could explain some of the difference in the total energy intake between the three classes.
A dietary survey using factor analysis among 549 pregnant women showed that a dietary pattern characterised by high intake of fruits and vegetables, or by protein-rich foods as fish and poultry were associated positively with birth weight, and that a dietary pattern characterised by a high intake of fat, bread, cereals and sugar was associated with decreased birth weight (Wolff and Wolff, 1995) . An Indian study showed that high intake of green leafy vegetables in pregnancy increased the birth weight (Rao et al., 2001) . Our findings that maternal diet, rich in vegetables, fruits, fish and poultry was associated with higher birth weight compared with a diet high in animal fat and processed meat, agree with these findings.
With the dietary characteristics of the three classes defined in this study, it is obvious to conclude, that the women in the Health Conscious class may have had a higher intake of vitamins and minerals playing an essential role in fetal growth. Women in the Western Type class had the highest intakes of red and processed meat, butter and lard and highfat dairy products, and might thus have been exposed to a higher intake of saturated fats and trans fatty acids. Zhang et al. (2006) found an increased risk of gestational diabetes in women following a Western diet in contrast to women following a Prudent diet, and the difference was suggested to be because of the higher intake of red and processed meat, leading to a higher intake of saturated fatty acid and cholesterol. Trans-fatty acids were found to be negatively correlated with birth weight (Koletzko, 1992; Elias and Innis 2001; Larque et al., 2001) .
Earlier studies found no associations between maternal intake of macronutrients and infant birth size among well nourished women (Mathews et al., 1999; Lagiou et al., 2004) , whereas positive association between energy from protein and fetal growth has been observed in one study (Moore et al., 2004) , and a high intake of carbohydrate and low protein intake was associated with increased risk of low birth weight (Godfrey et al., 1996) . Our study population was not undernourished, and all three classes had protein energy % within the range of what is recommended by the Nordic Nutrition Recommendations (Nordiska Ministerrådet, 1996) , but we found a higher risk of SGA infants in the Western Diet class, who had the lowest protein energy %.
The strength of our study is the large sample size, as we included 44 612 mother-child pairs in the analyses. The dietary intake was assessed in week 25 of gestation, and intake in the previous 4 weeks was recorded. Cuco et al. (2006) found that food intake at one point in pregnancy reflects well the dietary patterns throughout pregnancy, and thus we find it reasonable to assume that the dietary intake does not change substantially. Furthermore, the FFQ has been validated with respect to intake of fruits and vegetables showing that the data recorded in the FFQ are applicable to analyses on food group level , which provide the basis for the construction of the dietary patterns defined in this study.
The dietary information was collected through food frequency questionnaire and all subsequent calculations were based on assumptions of average portions, sizes and standard recipes for complex dishes (e.g. casseroles and lasagne), which may have introduced bias in the estimations. However, the FFQ was validated against a 7-day weighed food record, which showed that the FFQ was useful in separating the women into quintiles of dietary intakes . Another potential limitation was that measurements of confounders (such as exposure to smoking and drinking) had some inherent imprecision, and residual confounding cannot be excluded. Lastly, our data might not represent all Danish pregnant women in their behaviour, as participants in surveys like this are more likely to have a healthier lifestyle than non-participants (Hennekens and Buring, 1987) . This would likely reduce the variation in nutrient intake, and thereby the variation in exposure, but it is assumed not to affect the direction of the findings in the study, that is, the association between dietary habits and fetal growth.
In conclusion, we found a significant association between diet in pregnancy and fetal growth among pregnant Danish women, indicating that intrauterine growth conditions might be improved through adopting certain dietary patterns during pregnancy. From the data from the present study, it is not possible to say which nutrients, or combination of nutrients, could influence fetal growth. Further studies are warranted to identify specific macro-, or micronutrients that may be underlying the associations, found in the present study.
Appendix 1
Food grouping used in the dietary pattern analyses 
